Objective: This study aimed at comparing clinically and radiographically the therapeutic effect of low level laser therapy and demineralized bone matrix, used in management of periodontal intrabony defect. Subjects and methods: Thirty two non-smoking patients aged between 28-51 years with severe chronic periodontitis participated in this randomized clinical study. Patients were randomly assigned into one of 2 groups (16 patients each): demineralized bone grafting alone of the intrabony defect, control group (Group I), demineralized bone grafting and the application of low level laser therapy (LLLT) (Group II). Clinical and radiographic parameters including plaque index, bleeding index, probing depth, clinical attachment level (CAL) and
INTRODUCTION
The main goal of periodontal treatment is to control infection and thereby suppress disease progression. Ideally, periodontal therapy includes not only suppressing the disease but also regeneration of tissues lost due to periodontal disease (1) . Different treatment modalities, such as guided tissue regeneration (GTR), the use of graft materials, or the application of growth factors, have been introduced to promote the regeneration of periodontal tissues and intrabony defects in particular (2, 3) . strong potential. A large body of clinical evidence clearly indicates that grafts consistently lead to better bone fill than non-grafted controls (4) . Demineralized bone matrix (DBM) have repeatedly demonstrated significant improvements in clinical parameters of the soft and hard tissue for the treatment of intraosseous periodontal defects. Substances present in the demineralized bone graft material, i.e., bone morphogenic proteins, stimulate local cell cycles to produce new bone. These factors enhance periodontal regeneration and/or bone fill (5) .
Studies commonly investigated the effect of low level laser therapy (LLLT) on cell cultures and remodeling of the tissue. It was suggested that, LLLT can increase quantity of adenosine triphosphate and simplify angiogenesis and collagen synthesis and alter behaviour of cellular activity by affecting the mitochondrial respiratory chain or membrane calcium channels (6, 7) . It has been reported that laser enhanced biostimulation can induce intracellular metabolic changes, result faster cell division, proliferation rate, migration of fibroblasts and matrix production and also be effective on repair and regeneration of bone metabolism (8, 9) . Once the DBM is placed in the osseous defect, a sequential differentiation of mesenchymal-type cell occurs promoting osteoblastic proliferation and differentiation. Low level laser therapy induces migration of fibroblast, rapid matrix production and increases local blood flow, which enhance the supply of circulating cells, nutrition, oxygen and inorganic salts to the bone defect (10) . LLLT may improve the regenerative effects by stimulating osteoblastic cell differentiation from progenitor stem cells (11) .
With the above mentioned background and the knowledge, the present Randomized Clinical Trial was conducted to compare clinically and radiographically the therapeutic effect of low level laser therapy and demineralized bone matrix, used in management of periodontal intrabony defect.
SUBJECTS AND METHODS
Thirty two non-smoking patients with age ranging from 28-51 years at the time of baseline examination (with mean 39.5 ± 3.9) with severe chronic periodontitis participated in this randomized clinical study. Subjects were selected from the list of patients seeking periodontal treatment at the Department of Oral Medicine, Periodontology, Oral Diagnosis and Oral Radiology, Faculty of Oral and Dental Medicine, Al Azhar University, Cairo, Egypt.
The criteria implemented for patient inclusion were: 1) according to dental modified Cornell Medical Index (12) no systemic diseases which could influence the outcome of therapy; 2) good compliance with plaque control instructions following initial therapy; 3) teeth involved were all vital with no mobility ; 4) each subject contributed a single predominately 2 or 3-wall intrabony defect around premolar or molar teeth; 5) selected intrabony defects (IBD) measured from the alveolar crest to the defect base in diagnostic periapical radiographs of ≥ 3 mm and width of ≥ 3 mm near to coronal part, with no cratering that involve both mesial and distal surfaces of adjacent teeth; 6) selected Probing Depth (PD) ≥ 5 mm and CAL ≥ 4 mm at the site of intraosseous defects four weeks following initial cause-related therapy; 7) availability for the follow-up and maintenance program; 8) absence of periodontal treatment during the previous year. Pregnant females, smokers and patients under corticosteroid therapy or immunocompromised patients were excluded from participating in the study. The study protocol was submitted and approved by the Ethical Committee of Al Azhar University. Research procedures were explained to all patients and they agreed to participate in the study and signed the appropriate informed consent form of Al Azhar University.
Presurgical Therapy
Initial cause-related therapy consisted of thorough full mouth scaling and root planning performed in quadrants under local anesthesia. This procedure was performed using a combination of hand and ultrasonic instrumentation and then patients got detailed mechanical plaque control instructions. Four weeks following initial therapy, a reevaluation was performed to confirm periodontal surgery indication.
Criteria implemented to indicate that surgery was necessary included the persistence of an interproximal site with PD ≥5 mm, CAL ≥4 mm, and interproximal IBD of ≥3 mm. Baseline periodontal disease status of the selected sites were determined by clinical assessments of plaque index, bleeding index, PD and CAL as the distance from the bottom of the pocket to the gingival margin and the cementoenamel junction (CEJ), respectively. The deepest point of the selected defect was selected in the calculations. Periapical views using intraoral size 2 dental films were taken and the intrabony defect depth of the selected sites were recorded from them (Fig 1) . (Group II) . Computer assessed randomization was carried out using a commercially available computer software package * immediately before surgery.
Surgical Procedures
The surgical treatment phase was initiated only if the subjects had a full-mouth dental plaque score of less than one and test site plaque score of 0. After administration of local anesthesia, buccal intrasulcular incisions and 2-to 3-mm mucoperiosteal flap reflections were performed. Care was taken to preserve as much interproximal soft tissue as possible. For better access to the surgical site or to achieve better closure, the flap was extended one or two teeth mesially or distally in most cases. The periodontal surgical procedure fully exposed the intrabony defects. (Fig 2) Following mucoperiosteal flap reflection, all granulation tissue was removed from the defects by means of Gracey 7/8 metal curettes** and root surfaces were scaled and planned using hand and ultrasonic instruments, The surgical sites were irrigated with sterile saline and care were taken to keep the area free of saliva. For group I, DBM was condensed into the intra bony defects up to the vertical height of the corresponding adjacent bone level, finally, the mucoperiosteal flaps were repositioned and secured in place using 3-0 silk suture utilizing an interdental, direct suturing technique achieving primary closure. Care were taken not to displace the graft material during suturing.
For group II, the defect was treated with laser application as follows: diode laser *** with wavelength 635 nm, power 100 mW, energy 2J/cm2 was delivered for 5 minutes, in continuous wave contact mode to the inner margins of flap at an angle of 45 degrees (13) . Later, the defect was irradiated with LLLT in continuous non-contact mode for 10 minutes (Fig 3) (14) . DBM was then used to fill the defect site, and sutures were placed. The patient was recalled for the next five days and LLLT was performed for 5 minutes on the outer surfaces of the flaps. All patients received oral and written postoperative instructions. Patients were prescribed amoxicillin (500 mg) every 8 hours for 1 week.
Plaque control effort was supplemented by rinsing with 0.12% chlorhexidine gluconate for one minute 2 times daily for 2 weeks. Patients were instructed to refrain from brushing and interdental cleaning was avoided for the surgical areas during this time. Sutures were removed 2 weeks postoperatively and recall appointments for observation of any adverse tissue reaction and oral hygiene reinforcement were scheduled every second week during the first 2 months after surgery. Three weeks after surgery, all patients were instructed to resume their normal mechanical oral hygiene measures, which consisted of brushing using a soft toothbrush with a rolltechnique and flossing. Supportive periodontal maintenance, including oral hygiene reinforcement and supragingival scaling, was performed during each recall appointment. Clinical and radiographic measurements were reassessed at 6 months after surgery. 
RESULTS

Statistical analysis of the data
Power analysis indicated 32 subjects (male and female) would be sufficient to demonstrate statistical significance with a power of (at least) ≥ 80%. According to the following formula: PD, n= 2 * (zα+ zβ) 2 (SD) 2 / (d) 2 where SD = 2 and α=0.05. Data were fed to the computer and analyzed using IBM SPSS software package version 20.0. (Armonk, NY: IBM Corp).The Kolmogorov-Smirnov test was used to verify the normality of distribution Quantitative data were described using range (minimum and maximum), mean, standard deviation and median. Mann Whitney test was used to compare two groups for abnormally distributed quantitative variables while Wilcoxon test was used to compare two periods. Significance of the obtained results was judged at the 5% level.
Plaque index
At baseline, after 6 months; there was no statistically significant difference between plaque index in the two groups. 
Bleeding index
At baseline, after 6 months; there was no statistically significant difference between bleeding index in the two groups. 
Probing depth
At baseline; there was no statistically significant difference between probing depth in the two groups.
Table (1)
After 6 months; there was a statistically significant difference between probing depth in the two groups. Group II (DBM + Laser) showed a lower probing depth. 
Clinical attachment level (CAL)
At baseline; there was no statistically significant difference between CAL in the two groups. Table ( 
1)
After 6 months; there was a statistically significant difference between CAL in the two groups. Group II (DBM + Laser) showed a lower CAL. 
Intrabony defect depth
At baseline; there was no statistically significant difference between intrabony defect depth in the two groups. Table ( 
1)
After 6 months; there was a statistically significant difference between intrabony defect depth in the two groups. Group II (DBM + Laser) showed a lower intrabony defect depth. 
DISCUSSION
Autogenous bone is still the current gold-standard graft material for the treatment of bone defects. However, the need for a second surgical site has led to the development of different alternatives, such as the demineralized bone matrix (15) . Drawbacks of autogenous bone grafts such as donor site morbidity, ankylosis and localized root resorption could be overcome by DBM allograft, which has the capability to enhance new bone formation due to both osteoinductive and osteoconductive properties (16, 17) . Histologically, DBM supports the formation of a new attachment apparatus in intrabony defects as they regenerate cementum, periodontal ligament and bone (18) .
Nowadays, Lasers have a multitude of applications, in the field of periodontology, such as the removal of tissues or hemostasis through their ability to enhance the cellular processes. Another important laser application is the low-power treatment, better known as LLLT. This process has been described as Low Laser Therapy or Low Intensity Laser Therapy. It relies on the ability of light to function as a photo-stimulant in living cells by exerting its effects through photoelectric, photophysical and photochemical phenomena (19) .
The present study evaluated the clinical efficacy of LLLT used with DBM for the treatment of IBD in patients with chronic periodontitis and showed significant radiographic bone fill and improvement in clinical parameters compared to control.
In the current study, there was no statistically significant change in both, plaque index and bleeding index in both groups. These results were similar to the results reported in a study by Calderin et al. where a therapy with a low-level diode laser (670 nm, 200 mW, 60 s/tooth), used in a single or repeated doses, did not produce a significant reduction in clinical parameters (20) . Also, Damante et al. reported that low-intensity laser therapy (diode; 670 nm, 15 mW, 4 J/cm2 per point, four sessions for 1 week) did not accelerate oral mucosal healing after gingivoplasty (21) . Statistically significant reduction in probing depth in group I and group II was seen after six months. Intergroup comparison revealed that statistically significant greater reduction in probing depth was recorded in group II after 6 months. This reduction correlates to the study conducted by Qadri et al. which examined the effect of low-level laser therapy following scaling and root planning. Irradiation with both 635-nm (10 mW, 90 s, 0.9 J) and 830-nm (70 mW, 25 s, 1.75 J) diode lasers to the external surface of gingiva was performed 1 week later and was continued once a week for 6 weeks. The clinical variables (i.e. probing pocket depth) were reduced more on the laser side than on the placebo side. The authors concluded that additional treatment with low-level lasers reduced gingival inflammation (22) .
Reduction in CAL in both groups was seen after 6 months which was statistically significant. Intergroup comparison revealed that group II showed lower CAL than group I after 6 months and this difference was statistically significant. This reduction is similar to the findings of the study done by Smiti Bhardwaj et. al, a diagnosed periodontitis stage III with an intrabony defect and the surgical treatment included the use of LLLT and bone graft, it was concluded that the combined approach of LLLT and demineralized bone matrix showed a positive outcome with CAL gain, reduction in periodontal probing depth (PPD) and linear bone gain and bone fill radiographically. This combination approach was safe and can be used for periodontal regeneration. LLLT can be used as a safe and effective adjunctive therapy with conventional surgical therapies aiming at accelerated healing along with periodontal regeneration (23) .
The present study showed statistically significant reduction in intrabony defect depth (radiographic interpretation) in both groups after 6 months. Intergroup comparison revealed that greater reduction in intrabony defect depth after 6 months was recorded in group II, which was found to be statistically significant. This outcome is similar to that of the study conducted by Park et al. which reported that low-level irradiation with a diode laser had positive effects on bone healing of extraction sockets in rats by increasing expression of the genes encoding Runx2, collagen type 1, osteocalcin, platelet-derived growth factor-B and vascular endothelial growth factor. They concluded that low level irradiation with a diode laser is beneficial in the early stages of alveolar bone healing (24, 25) .
A study by de Oliveira et al, investigated the effect of low-level laser therapy on autogenous bone graft and concluded that LLLT stimulated bone regeneration and accelerated the process of integration of autogenous bone graft (26) . Lowlevel laser therapy has been reported to promote osteogenesis. Ozawa et al. (27) and Stein et al. (28) reported that low-level laser irradiation could promote bone nodule formation by inducing the proliferation and differentiation of osteoblasts.
With regard to the treatment of periodontal bone defects, Nagata et al. (29) analyzed the influence of platelet-rich plasma, low-level laser therapy (660-nm diode laser), separately or combined, on the healing of periodontal fenestration defects in rats. Low-level laser therapy and platelet-rich plasma, separately or combined, all promoted new cementum formation with a functional periodontal ligament.
CONCLUSION AND RECOMMENDATIONS
Within the limits of the present study, we can conclude that, that the use of LLLT as an adjunct with DBM in the treatment of intra-bony defects was more significant in improving the probing depth, CAL and intrabony defect depth than using DBM alone.
Further studies are needed to try different doses of LLLT to improve the initial stage of bone healing and regeneration.
